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Accepted 13 February 2015; Published online 18 February 2015AbstractObjectives: To develop, assess, and maximize the sensitivity of a search strategy to identify diet and nutrition trials in PubMed using
relative recall.
Study Design and Setting: We developed a search strategy to identify diet and nutrition trials in PubMed. We then constructed a gold
standard reference set to validate the identified trials using the relative recall method. Relative recall was calculated by dividing the number
of references from the gold standard our search strategy identified by the total number of references in the gold standard.
Results: Our gold standard comprised 298 trials, derived from 16 included systematic reviews. The initial search strategy identified 242
of 298 references, with a relative recall of 81.2% [95% confidence interval (CI): 76.3%, 85.5%]. We analyzed titles and abstracts of the 56
missed references for possible additional terms. We then modified the search strategy accordingly. The relative recall of the final search
strategy was 88.6% (95% CI: 84.4%, 91.9%).
Conclusion: We developed a search strategy to identify diet and nutrition trials in PubMed with a high relative recall (sensitivity). This
could be useful for establishing a nutrition trials register to support the conduct of future research, including systematic reviews.  2015
The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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Overnutrition and undernutrition continue to account for
a substantial burden of disease globally [1,2]. Poor nutrition
has serious consequences for the health and well-being of
individuals and constrains the socioeconomic development
of nations [3e6].
Nutrition-related risk factors for disease, such as over-
weight, obesity, unhealthy diets, and excessive alcohol con-
sumption, are modifiable, which offers the opportunity for
implementing prevention efforts targeted at vulnerable
groups and for developing dietary treatment and rehabilita-
tion regimens to ameliorate disease [6].Funding: This study was supported by South African Medical Research
Council.
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licenses/by-nc-nd/4.0/).It is important that such interventions are informed by
the best available evidence as this will ensure the choice
of effective solutions and efficient use of available re-
sources. This is especially important in resource-poor coun-
tries where malnutrition is most prevalent and resources
most limited.
Systematic reviews of randomized controlled trials
(RCTs) are considered to provide the most reliable evidence
on the effectiveness of health care interventions [7,8]. A crit-
ical step in conducting a systematic review is to identify as
many of the relevant trial reports as possible through a
comprehensive search [9]. The availability of a comprehen-
sive, up-to-date trial register can help to achieve this goal.
The establishment of a specialized register of
completed diet and nutrition trials has been mooted within
the Cochrane Collaboration since 2005 as a one-stop
source of studies for authors conducting systematic re-
views of the effects of nutrition-related interventions. This
could also serve as a resource to study the epidemiology
of nutrition trials worldwide and help to identify knowl-
edge gaps to be addressed in future research. To ouress article under the CC BY-NC-ND license (http://creativecommons.org/
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 We developed a novel search strategy to identify
diet and nutrition trials in PubMed, which showed
good sensitivity, with a relative recall of 88.6%.
 There is currently no recommended search strategy
to identify trials in PubMed for inclusion in a reg-
ister of completed trials of nutritional interven-
tions. We used a previously described relative
recall method to validate this novel search filter.
 The diet and nutrition content filter can be used as
one component of a strategy for compiling a regis-
ter of nutrition trials and as a basis for developing
more specific search methods for identifying trials
of diet and nutrition interventions.
S. Dur~ao et al. / Journal of Cliniknowledge, no register of completed diet and nutrition trials
currently exists.
As a first step in the creation of a diet and nutrition trials
register, we sought to develop and validate a search strategy
to identify nutrition-related trials in PubMed.
Validation of a search strategy or filter for use in con-
ducting a systematic review involves optimizing its recall
(sensitivity) and precision (positive predictive value) [10].
Recall refers to the proportion of the total number of rele-
vant records in a database that is retrieved by a search strat-
egy. This is the most important search parameter because
finding the most complete set of relevant studies as possible
is essential. Precision refers to the number of relevant re-
cords retrieved by a search strategy compared with the total
number of records retrieved by a search strategy [10]. Pre-
cision reflects the number of articles that have to be
screened to identify the articles that are relevant to a review
and thus has a significant impact on the time and resources
necessary to complete this process [11]. The ideal search
strategy will have a high recall and high precision, but there
is often a trade-off between the two [10].
Choosing the most appropriate denominator is a crucial
step in calculating recall [10]. Recall is usually evaluated
by comparing the retrieved records against a gold standard
set of references based on handsearching of the literature or
a combination of handsearching and database searching
[10,12]. However, this process can be very time consuming.
Furthermore, handsearching has been reported to have the
lowest yield per time of unit among all commonly used
methods for identifying studies for systematic reviews [13].
Sampson [10] has recommended using the relative recall
method as a more efficient method for developing a gold
standard for validating search strategies. They define relative
recall as the proportion of studies that any specific informa-
tion source retrieves of the total number of relevant docu-
ments retrieved by all sources that are considered to makeup a whole. For example, the included studies in a systematic
review represent the total number of relevant documents
retrieved by various sources working as whole, which refers
to the various databases and other sources of information
searched when conducting a systematic review. The relative
recall method has been used by other researchers in the
context of developing and validating various search strate-
gies [11,12,14]. Although this method may exaggerate recall
or sensitivity if the searches for the systematic reviews miss
some studies, it has many benefits. These benefits include
identifying a gold standard reference set that includes a
broader range of journals and publication years than would
have been achieved by handsearching only and greater
generalizability than would be achieved through handsearch-
ing a highly selective sample of journals when the literature
is spread across a broad range of journals.
Our study aimed to use the relative recall method to
assess and maximize the sensitivity of a novel search strat-
egy for diet and nutrition trials in PubMed.2. Methods
2.1. Development of a search strategy for identifying
diet and nutrition trials in PubMed
We developed a search strategy to identify diet- or
nutrition-related RCTs in PubMed. We drew on the Co-
chrane highly sensitive search strategy (HSSS) for identi-
fying randomized trials in PubMed (sensitivity- and
precision-maximizing version (HSSSb), updated in 2008),
which is a validated methodological filter [15]. This was
combined with a content filter to identify articles related
to diet and nutrition.
The content filter was developed subjectively and iter-
atively. We searched PubMed for controlled vocabulary
terms (Medical Subject Headings or MeSH terms) related
to diet and nutrition. We also identified possible text key-
words based on our knowledge of the field as well as on
words derived or associated with the MeSH terms identi-
fied. For each keyword we analyzed what other terms
PubMed searched for and the results retrieved, and elimi-
nated or modified those that led to searching derivatives or
retrieved many results we did not consider relevant to diet
or nutrition. Examples of excluded terms include ‘‘GI’’
and ‘‘GL’’ and ‘‘lactat*,’’ as they searched for derivatives
not related to diet or nutrition. For example, lactat*
searched for ‘‘lactataemia’’ and enzyme names as well
as for ‘‘lactation’’ and ‘‘lactate.’’ An example of a word
we modified was ‘‘fibre’’; searching for ‘‘fibre’’ retrieved
irrelevant results, for example related to nerve fibres,
which led us to use ‘‘dietary fibre’’ instead. We then com-
bined all terms using the Boolean operator OR and ran the
search in PubMed. We assessed the titles and abstracts of
the search output to determine which of the search terms
were retrieving irrelevant results, which we deleted, or
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search strategy. We repeated the process until the search
strategy could not be improved further, that is, until we
could not identify new terms that could be added to the
search strategy (Appendix A at www.jclinepi.com).
2.2. Development of the gold standard reference set
2.2.1. Data sources
To develop the gold standard reference set, we searched
the Cochrane Database of Systematic Reviews (CDSR), ac-
cessed via The Cochrane Library (www.thecochranelibrary.
com), using the terms ‘‘nutrition’’:ti,ab,kw (including word
variations) OR ‘‘diet*’’ OR any MeSH descriptor with
qualifier(s): [Diet therapydDH].Relative recall 5
Number of references from the gold standard that the search strategy identifies
Total number of references in the gold standard2.2.2. Eligibility criteria for including reviews
We aimed to include all systematic reviews retrieved
from our search of the CDSR that had been published be-
tween January 2012 and March 2013. In addition, to be
selected, systematic reviews needed to have assessed the
effectiveness of nutritional interventions and included
RCTs, quasi-RCTs, or controlled clinical trials.
Nutritional interventions were defined as those that
investigate the effectiveness of an intentional change to a
diet- or nutrition-related behavior, risk factor, environ-
mental condition or aspect of health status, on the mainte-
nance and promotion of health, prevention or treatment of
nutrition-related disease, or to relieve signs and symptoms
of nutrition-related disease [16,17].
2.2.3. Study selection and data extraction
One author (S.D.) screened titles of the retrieved reviews
and excluded those that were obviously irrelevant (i.e., did
not assess nutritional interventions). Thereafter, two au-
thors (S.D. and T.K.) independently screened titles and ab-
stracts of the remaining reviews against the eligibility
criteria. When necessary, full-text versions were assessed
to resolve any uncertainty. Any disagreements regarding
study selection were resolved through discussion.
One author (S.D.) then extracted the list of references to
studies included in each included Cochrane review,
including multiple publications related to the same study,
and searched PubMed to determine which of these were
published in journals indexed in PubMed. References of
studies indexed in PubMed were imported into Endnote,
which comprised the gold standard reference set, after
removal of duplicates. For descriptive purposes, we ex-
tracted information on the types of nutrition interventions
addressed in the included systematic reviews.2.3. Data analysis
We validated our search strategy by evaluating the extent
to which it retrieved the references in the gold standard
reference set and calculated the relative recall (sensitivity).
To facilitate the identification of studies from the gold
standard our search strategy could retrieve, we added the
PubMed IDs (PMIDs) of studies in the gold standard to
our search strategy using the Advanced Search section in
PubMed. We then searched PubMed using our search strat-
egy and the PMIDs, combined with the Boolean operator
AND. This retrieved the number of references in the gold
standard that our search strategy identified.
We calculated the relative recall of our search strategy
using the following formula:We also calculated the 95% confidence interval (CI) of
the relative recall using the immediate command for CIs
for variables distributed as binomial, in Stata (cii #observa-
tions #successes) (Stata 10.0, StataCorp LP, USA).
After determining the initial relative recall, we examined
the titles and abstracts of studies that our search strategy
had missed to identify additional keywords or MeSH terms
that could be added to the search strategy, to improve sensi-
tivity. We modified the search strategy accordingly and re-
calculated the relative recall.3. Results
3.1. Development of the gold standard reference set
Our search of the CDSR retrieved 328 systematic re-
views published between January 2012 and March 2013.
A preliminary screening of titles and abstracts resulted in
the exclusion of 221 obviously irrelevant articles, that is,
not related to diet or nutrition. A total of 107 potentially
eligible Cochrane reviews were independently assessed,
and 76 were considered eligible for inclusion. Because of
the large volume of studies included in these reviews, we
decided to restrict our study only to new or updated reviews
published between January and March 2013. The total of 16
reviews included in our analysis yielded a sufficient number
of trials for validating our research strategy (Fig. 1).
Our 16 reviews included a total 406 records, referring to
269 unique studies, of which 339 were published in jour-
nals indexed in PubMed. Of the 339 records indexed in
PubMed, 41 were duplicates and thus excluded from the
gold standard. Therefore, 298 records indexed in PubMed
were imported into Endnote as our gold standard set of ref-
erences (Table 1).
Fig. 1. Flow chart of study selection process.
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Table 1 describes the topic areas of the included Co-
chrane reviews [18e33].3.3. Relative recall of the diet and nutrition trials search
strategy
We searched PubMed using our diet and nutrition trials
search strategy (DNTSS) (Appendix A at www.jclinepi.
com), combined with the PMIDS of the 298 studies in
the gold standard reference set. Our DNTSS identified a to-
tal of 131,901 records, including 242 of the 298 articles in
the gold standard resulting in a relative recall of 81.2%
(95% CI: 76.3%, 85.5%) (Table 2).
To improve the relative recall, we assessed the titles, ab-
stracts, and MeSH terms of the 56 articles in the gold stan-
dard that our search strategy missed. This resulted in the
addition of 10 search terms, including additional MeSH
terms, as well as the individual names of all micronutrients
to the content filter of our search strategy (Appendix B at
www.jclinepi.com). We ran the revised search strategy in
PubMed, which retrieved 264 articles of the 298 in the gold
standard, with a relative recall of 88.6% (95% CI: 84.4%,
91.9%) (Table 2).
Despite the increase in recall, 34 studies in the reference
standard could not be identified by our search strategy and
we explored possible problems with our search filters to
explain this.To determine whether the content filter could be
improved, we searched PubMed using the improved content
(diet and nutrition) filter only. This search retrieved a total
of 3,591,124 records, including 296 of the 298 articles, with
a relative recall of 99.3% (95% CI: 97.6.1%, 99.9%)
(Table 2). The two missing articles contained no keywords
related to diet or nutrition in the title and had no abstract in
PubMed and were not indexed with included MeSH terms,
making them very difficult to find. Our findings suggest that
the content filter provides good sensitivity for finding rele-
vant articles on diet and nutrition in PubMed.
To assess the methodological filter, we searched PubMed
using the content filter and the two versions of the Cochrane
HSSS: the sensitivity-maximizing version (HSSSa) and the
HSSSb. The HSSSb was included in the original search
strategy, which resulted in a relative recall of 88.6%. Using
the HSSSa, we retrieved 275 of the 298 articles in the vali-
dation set, improving the relative recall from 88.6% to
92.3% (Table 2). However, this improved recall comes at
the cost of decreased precision as the search retrieved
371,627 additional records compared with using the HSSSb,
although retrieving only 11 additional relevant articles.
We explored to what extent indexing problems in
PubMed contributed to our search strategy having missed
relevant trials. Of the 34 articles in the gold standard that
were not identified through our search, 33 were not indexed
as trials. Of these, six were clearly trials and thus should
have been indexed as such, for 24 the study design was un-
clear based on the title and abstract in PubMed, and three
Table 1. Topic areas of included Cochrane reviews
Topic areas of included reviews Included Cochrane reviews
Total number of
unique studies
included in the
review
Total number of
records included
in the review
Number of
records indexed
in PubMeda
Number of
records not
indexed in
PubMed
Number of
duplicate
recordsb
Dietary advice in relation to
noncommunicable diseases
Desroches [18] 38 42 34 8 0
Han [19] 9 9 8 1 0
Rees [20] 44 73 59 1 13
Micronutrient supplementation Lassi Zohra [21] 31 62 51 11 0
Rees [22] 12 23 14 2 7
Hemil€a and Chalker [23] 63 89 45 29 15
Lazzerini and Ronfani [24] 24 34 27 2 5
Enteral nutrition support Nugent et al. [25] 1 1 1 0 0
Morgan et al. [26] 5 5 5 0 0
Watson and McGuire [27] 3 3 3 0 0
Watson and McGuire [28] 9 9 8 1 0
Tan Dy et al. [29] 1 1 1 0 0
Morgan et al. [30] 9 13 12 1 0
Caffeine intake in pregnancy Jahanfar and Jaafar Sharifah [31] 2 2 2 0 0
General nutritional interventions
in HIV
Grobler [32] 14 14 13 1 0
Prebiotics for infant allergies Osborn and Sinn John [33] 4 26 15 10 1
Total 269 406 298 67 41
Abbreviation: HIV, human immunodeficiency virus.
a Published in journals indexed in PubMeddincluded in the gold standard.
b All duplicate references were repetitions of references indexed in PubMed.
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trials containing results of data analysis. All these had key-
words included in the content filter of our search strategy.
Two trials were correctly indexed as trials but had no diet-
and nutrition-related keywords. These were indexed in
PubMed as ‘‘Folic acid’’ under ‘‘Substances,’’ terms not
included in our search strategy.Table 2. Results of relative recall analysis using the different
variations of the search strategya
Search strategy
Number of
results
Number of
results in
gold standard
Relative recall
% (95% CI)
Gold standard
reference set
298 d d
DNTSS(a)b 2,408,586 263 88.3 (84.1, 91.7)
DTNSS(a) þ
HSSS(s þ p)c
131,901 242 81.2 (76.3, 85.5)
DNTSS(b)d 3,591,124 296 99.3 (97.6, 99.9)
HSSS(s)e 3,454,694 277 92.9 (89.4, 95.6)
HSSS(s þ p)c 931,138 265 88.9 (84.8, 92.3)
DNTSS(b) þ HSSS(s) 544,992 275 92.3 (88.6, 95.0)
DNTSS(b) þ
HSSS(s þ p)
173,365 264 88.6 (84.4, 91.9)
Abbreviation: CI, confidence interval.
a Results of search on October 27, 2014.
b DNTSS(a): Diet and Nutrition Trials Search Strategy (initial
version).
c HSSS(s þ p): Cochrane Highly Sensitive Search Strategy to
identify clinical trials, sensitivity- and precision-maximizing version
(2008).
d DNTSS(b): Diet and Nutrition Trials Search Strategy (improved
version).
e HSSS(s): Cochrane Highly Sensitive Search Strategy to identify
clinical trials, sensitivity-maximizing version (2008).4. Discussion
4.1. Main results
We developed a search strategy to identify diet and nutri-
tion trials in PubMed, which consists of a combination of a
filter to identify diet- or nutrition-related content and the
Cochrane HSSS for identifying trials in PubMed (HSSSb).
We assessed the recall, or sensitivity, of our search strategy
using the relative recall method, which was good (88.6%).
The relative recall improved if we used only the HSSSa,
but this was at the expense of a substantial loss in precision.
4.2. Comparison with other literature
To our knowledge, no other studies that have assessed
the validity of a filter for diet and nutrition trials exist to
which our results can be compared.
However, previous studies have validated search strate-
gies using a similar method to ours, in which the gold stan-
dard was based on studies included in a set of systematic
reviews. Vincent et al. [14] developed a sensitive search
strategy to retrieve diagnostic studies on deep vein throm-
bosis. Their gold standard was based on 126 MEDLINE-
indexed publications from 16 good quality systematic
reviews found in MEDLINE. Their final search strategy
had a sensitivity of 98.4%, missing two articles that were
later identified as irrelevant. Doust et al. [11] assessed the
validity of five previously published sensitive search strate-
gies to identify diagnostic studies, using a gold standard with
53 references included in two systematic reviews of diag-
nostic accuracy. The sensitivity of the search strategies when
compared with 33 references in the first systematic review
615S. Dur~ao et al. / Journal of Clinical Epidemiology 68 (2015) 610e616varied from 73% to 91%. When compared with the 20 refer-
ences in the second systematic review, one of the search stra-
tegies had a sensitivity of 90% and the other four of 100%.
Other studies have used a different method for devel-
oping a gold standard, involving handsearching-specific
publication years of specific relevant journals [34e38].
The sensitivities reported in these studies ranged from
47% to 99.3%.
A common lesson learnt from these studies is that the
choice of search strategy is based on the desired balance be-
tween the recall (sensitivity) and precision (positive predic-
tive value), which depends on the objective of the search
and on the availability of time and resources to go through
all results retrieved. Although both parameters are important,
for optimal utility of a trials register supporting the conduct
of systematic reviews, maximizing sensitivity is more impor-
tant as this will ensure that relevant trials are not missed.4.3. Strengths and limitations
Sampson et al. [10] state that at least 100 studies from
various systematic reviews are needed to validate a search
strategy and our gold standard included more than this.
However, as we only included studies from reviews pub-
lished between January to March 2013, the range of
research topics covered was limited, which may have influ-
enced the relative recall.
We did not critically appraise the systematic reviews we
selected for the development of our gold standard, as one
study did [14]. Because our sample consisted of Cochrane
reviews, we can be reasonably confident that these were
good quality reviews and that their searches were conduct-
ed to the highest possible standards [39].
The focus of our validation process was sensitivity,
which is critical for establishing a trials register. To have as-
sessed precision would have been a very resource- and
time-consuming process, given the very large number of re-
sults retrieved.
Furthermore, our results are applicable to a search strat-
egy for PubMed, which only indexed 81% of records
included in the reviews (298 of 365 records, excluding du-
plicates). As other databases are likely to be important for
identifying all relevant trials, they will also need to be
searched and the search strategy will need to be amended
for each of database accordingly.
Finally, the development of the search used a subjective
iterative approach using content knowledge of the first
author. Alternative approaches may improve this process,
for example by using objective methods such as word-
frequency analysis [15].4.4. Next steps and applicability
The search strategy with a higher sensitivity filter
retrieved a large number of records, which may indicate po-
tential problems with low precision. Improvements in therecall of our search strategy without considerable loss of
precision might require modifications to the HSSSb of the
trials filter. Improved sensitivity with good precision is
important to determine the feasibility of proceeding with
the development of the nutrition trials register. Thus, in
the next steps of this project, we will aim to assess the pre-
cision of the search strategy and to address issues regarding
its potential low precision.
As previously mentioned, when developing the trials
register, it will be important to search other databases,
and we will adapt the search strategy accordingly.
Because this search strategy was developed with the inten-
tion of finding every study related to diet and nutrition, it
cannot be applied to search for a specific topicwithin this field.
However, it can be used as a first step, to select search terms
relevant to the specific search and build the full search strategy.5. Conclusion
We developed and validated the sensitivity of a search
strategy for identifying diet and nutrition trials in PubMed,
achieving a relative recall of 88.6%. Our search strategy in-
cludes a novel content filter, to identify diet- and nutrition-
related content, and a validated methodological filter to
identify trials in PubMed. The content filter may be useful
for researchers requiring keywords for search strategies to
identify trials in the field of nutrition. Improvements to
the sensitivity of the search strategy without compromising
precision might require changes to the methodological fil-
ter. Such improvements will determine the feasibility of
proceeding with the diet and nutrition trials register.Acknowledgments
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